
LA-lJR -82-1190

Lm AlamoE Nat,onal Laboralofy m oparatW by W Untislty d tillfwnlm lot h UnHod B-Afaa ~pulmanl 01 Ermgy utior conlrncl W-74 M-ENG.W.

LA-UR--82-119G

DE82 014057

TITLE: CLEAN AIR AND ENERGY: FROM CONFLICT TO RECONCILIATION

AUTHOR(S): Charles D. Kolstad, Economics Group (S-2)
Uilliam D. Schulze, Professor of Resource Economics,

University of Hyoming
Michael D. Hilliams, Air Quality Specialist. John Muir Institute

SUBMITTED TO: Paper presented at the AAAS Annual Meeting, Washington, D.C.,
3-8 January 1982.

~CL~M
1,!.,..,1 HIq-.,.-.,, ,.!! .1-., . .. .. ... . ... ., -. , .r!!. ,., ., ,,*a,. .-., . . ,
M-w- ,hm 8“ .-, ..B*= 8. w.-. ,.. e., ~., tbm., .. . w, t ,s.., -.., ,,- ..,,, , ,

-,-1, ..,- .. ,a.-, c -.!- ,.. *U, ,, -.” . ...1..,, ,., !..,.. ,

,.-, -,- ,, ,,-, - ,, .,, ,,. . . . . ,,, .,*.,,,, ,W.,, , . ,4, -- , ..-, ,

r.. -. IM .,. .!. -.,., r.!, .,h..p ,.-. .!-, .+, . ..--.. l... . ... . , .,. i

l--id e..,. , ,.,. - .. ,.,. , , , ,,. b -. ,,*.. w, -, ..,,. - , .,,-+.- ,-

“!! --.* ,“,”IX ,, ,* I ,,, - ..m - !. .--M!, - - ,- ..!”,, U., .,k,

m 1.--,, ,. e-, , . . ,(- ,- 0., ,,.,. - ! .,+ . . . . ..-. b- ., ,..,

--* .*,. ,.-, -,. .,r - .Ibl U-, ,“-!-., ,. G - , -. .

rfj ).’
‘?

lL(X3All~llilTKDSbsA1.mos,NewMe;4..875.~
LosAlamos NationalLaborator

I

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



Abstract

Unconstrained energy resource development in the Rocky Mountain west is
likely to threaten the env~ronment and the health and well-being of the
people. Impacts may be associated with visibility degradation, toxic
concentrations of gases, and deposition of acidic or toxic substances.
Because the poss’:le benefits of energy development in the region are very
large, there is great concern that constraints imposed by air quality
regulation may preclude the use of important resources or make unduly
expensive energy produced from the region. The conflict between energy and
clean air in the region is exacerbated by non-energy sources, such ‘s copper
smelters and urba~ areas, that already pose significant env,;onmenta?
threats. The hard policy question is not how to preserve clean air resource;
or how to develop energy but how to achieve and balance both goals. This
chapter quantifies the effects and r~gulatory costs and ben?fits of air
pollution control and discusses policy directions to protect air quality wh~’.~
pursuing energy development.

Conaress is currently reviewinq the Clean Air Act of 196’/ and its
amendmen~s of 1970 and 1977, the bod~ of legislation protecting
air quality. The act is vigorously attacked by come and strongly
others. Some criticism is leveled at governmental regulation in
contention Is that regulation is becoming an excessive burden
Other criticism of the act maintains that some of our economic il’
an overly strict Cleat} Air Proaram. For examnle, some contend

the nation’s
supported b:’
general: th~.
to societj’i
s are due t.j
th~t enep~i

developm~lt in the western US ii being severely an-d unnecessarily hamp[~-eti$-’
provisions of the act that prevent the significant deterioration of ai’
quality.

Opponents in the debate have valid points. High air quality is imprvta~!
in the western US; it should be protected. On the other hand, energy sIIstP’nt
the US economy; our nation is strained by the rapid price rises for enc’-:!’
over the past decade. Because of our reliance on imports, our econo~;; l:.
vulnerable to the whims of foreign oil suppliers. If the western US can PIJ,
a major role in ameliorating national energy difficulties, nvcrl-y st~ing~”-?
air pollution regulations should not be permitted to impair energy devrloprlcm:
in the Nest.

Thr purpose of this chapter is to reconcfle the apparent conflict brtw:’;
air quality protection and enerqy development in thr Host. Aftrr ruvi[’w’’t::
the nature of the western pollution problem. we discuss in turn thr indtl’i!’-;,l’
costs of air quality protection and the mcmtary value of the dam,lqr to tlI)
environment by air pollution. Reconciling these costs and damagps in a s!III’\’
of the Four Corners Region of the US, wc conclud~ that hiqh lPVCIS of cIIvrI,
development are consistent with the Clean Air Act and that -~rtdustrialcnrt< (’f
current regulations are significant hut modest relativ~ to t,hr valur of th,
~ncrgy procitic~d. If WC consider a balance of costs and damagrs, cII~rrnf
regulation apprars to un(lcrcontrol sulfur dioxide (S07) missions.
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The Nature of
the Uestern Pollution

Environmental Impac’x of Degraded Air Quality

There are basically three ways that

Problem

air contaminants affect the
environment. The first ~ccurs with {oxic concentrations damaging the health
of plants or animals. The second relates to effects of altered light
transmission through the atmosphere. The third concerns deposition of
materials onto sensitive surfaces or deposition and subsequent transport into
soils or aquatic ecosystems.

Toxic concentrations may result directly from emissions of po~lutant,s
such as carbon monoxide or indirectly as in the case of oxidants. Pollutants
may be primarily local in character or they may occur over very large are?:.
Furthermore, the concentration may display a steeply sloping freq:loccy
distribution curve or a very flat one. Energy sources tend to have differrn’
impacts associated with tall stacks as opposed to fugitivs sources O*
secondary development.

Concentrations of the oxides of sulfur and nitrogen and fine particulate
matter associated with tall stacks are apt to be very sensitive to terrain an?
produce relatively high ratios of maximum short-term average concentration t~
annual average concentrations. In the West the highest concentrations arc
likely to occur under stable conditions on terrain near effective stark
height, that is, 300 to 500 meters above the stack base. The presenc~ of
intervening high terrain can greatly reduce concentrations. Relatively hi?l:
concentrations may occur at distances of 30 to 50 km from the source if t)-”
terrain and meteorological conditions are appropriate. Frequently, arc(’-
receiving high concentrations are relati’!el.yunpopulated although sorw of
these areas are in national parks where people may demand better air quality.

Fugitive or secondary sources tend to produce high, hut relativolv Ioral,
concentrations of particulate matter and possibly carbon monoxide and SUlJ.~l
oxif;es. In these instances the concentration~ display much lower ratio? (~~
the maximum short-term concentration to the annual av~raq~, Th(lI:,:
concentrations occur at the source height.

In most of the W~st, ambient concentrations of most pollutants arr lt~~:
compared to air quality concentrations permitted by standards tlcsigwd t)
protect hea!th an~l plbnt life. Exceptions nrc relativ~ly widos;~~-i~,lt
occurrences of modoratu levels of ozone, occasion~l hiqh lCVPIS of p~rticul(~t!’
matter, and local high concontratiorrs of carbon mfjn(ryi(lc6ssociatrri witO
autornobilr traffic or fireplaces and woodhurrlinq stovrs. Commllnitic~ i’}
valleys frequently experience periods of low v(’ntilat.ion
infamous meteorological conditions of Los !hgclc<.

that rival t)?,

High lev~ls of particulate mattrr may hr asso(iatcd with wir~d-blown dIl<!.
mining npcrations, dirt roads, or woodburning stovos ~ncl firrplhccs, 1!1 Ill(”lt
areas short-term air qu~lity stan(i~rds for p~rt,iculatp miitt~r ar(’ cK,tvIi!~I.!
occasionally.



Deposition of the oxides of sulfur and nitrogen and their transformation
products may change the acidity of high mountain soils and waters or dama?~
plant tissue. Local areas near sources may receive high levels nf deposited
materials, but major mountain ranges are also major receptors. The mountain
ranges produce most of the run-off and thus gather pollutants through wet
deposition. Furthermore, rugged terrain tends to enhance dry deposition, and
th? mountains have more vulnerable soils and vegetation.

Altered light transmission through the atmosphere can affect traffic
safety, plant growth, or aesthetics. IrIthe Uest effects on aesthetics are the
best documented (l). The Southwest generally has the best visibility in the
contiguous states although good visibility also occurs throughout the mountain
Nest and in the western portfons of the plains states. The southwest and
mountain states also devote large areas to parks and wilderness.

There are principally two types of visibility effects: region?l haze, in
which distant features appear indistinct but the contaminants are not rsadi!j,
identified with any single source or complex of sources: and plume blight, a
gray or brown smear across the landscape, with an identifiable, single source.

In the instance of regional haze the most important contaminants appea~-
to be sulfates (1,2;. On occasion, nitrates, wind-blown dust, or carbon-based
aerosols may be important. In regional haze, aerosol concentrations usuall~~
vary only slowly within the mixed layer. Furthermore, princip~l Contributqrj
to regional haze may be hundreds of kilometers ~rofnthe pofnt of ohservatio~.
For example, with a source emittirlg an annual average of one million m[-tric
tons of S02 in California, the sulfate concentrations (~g/m3) would h’-
1.6, .52, .45, .20, and .17 in California, Arizona, Utah, Idaho, Montana, and
Wyoming based on a nmdel developed by Brookhaven Nctional Lcbor~tory (3).

Nitrates hav( the potential to play an increased role in vlsibil it)’ il
the future, First, oxides of nitrogen (NOX) emissions are expected t
increase more rapidly than S02 or fine particulate emissions, Secnv!,
gaseous nitrates have ve~y little effect on visibility b~t particullit,-,
nitrates can have significant effects. At low concentrations almost, all
nitrates are in the gaseous fore, but at higher concentrations particul~?c
nitrates form ah Increasing fraction of total nitratrs. FLJr this re~<:j~.
there is a potential threshold for effects of nitrates on visibility.

Concentrations associat~d with visibility imllarts during regionol ?,?:
can he qu~te 10W. For exarnplc, the additiop of about 0,: llglm~ Or
sulfate c{uld reduce visual range hy about 30 kilcwwtcrs (41 and studies (51
show that such change 1s significantly valurri h,y rrsidrnts, In cmnpa~”isopl,
the annual avcraqc standard for particulate nmtt~r is 61 : qtm~ whilr t+~

{ambient standards for the precursor Sop is Ml ;:gtm.. Thus , so(l~’L’l’5
producing little impact fn terms of toxic conccntratiofls may jirld I,I!”!!
imoacts on visibility.

Plme blight Is a more local phcnr)rncna, During stable atmnrph~’!h;;
cond{tlons, pollutants confined in a shallow lavrr of thr atmos~hrrc, III,IJ’ htI
v{siblc at ~istanc~s on
high terrdln or changes
pnrtlculatc matt~r and

the order of 100 kilom~’tcrs
in stability can climindto
nftroqfn dioxid~ tt~nd to



pollutants in plume blight. Low level and fugitive sources tend to have very
local impacts while emissions from tall stacks produce impacts at greater
distances. Because the bulk of the pollutants is well above the ground, ground
level concentrations in plume blight are usually very low and there is no
relation between plume blight and ambient concentrations.

One other major group of sources influences air quality in the western
regions. The copper smelters in Arizona, New Mexico, Utah, and Nevada have
been associated with visibility impacts in the mountain Hest (1, 2, 4, 6).
The smelters, large emitters of SO ,

T
have lower costs of control per unit of

S02 removed than do power plants 7). Smelter ?missions were approximately
2 million tons per year in the period frcan 1971 to 1974, but they have
declined to about one million tons per year of S02 emissions.

Energy and the West

Air quality, a highly protected value in the western US, might be lest
important but for the extent of potential energy development planned for pa~ts
of the West. A very small arua of the West covering parts of Colorado, Utah.
and Wyoming contains essentially all of the high grade oil-shale resources of
the US. Whereas forecasts vary, the Department of Energy anticipates sbal~
oil production will meet the level of 200 000 to 700 000 barrels of oil pe’”
day (3). Other forecasts run into millions of barrels per day by the end of
the century. Compare this to 1980 total US oil consumption of about 15 million
barrels of oil per day (3). The oil-shale industry has the potential to grow
very large and to place stress on air and other resources of the region.

Coal-based energy production has a large potential in the West. Th~
western US conta!~s over half of the nation’s coal and over 90!- ~f the

nation’s low-sulf.jr strippable coal (9). Western coal production is
continuing to rise rapidly, particularly in the states of Wyominq anti
140ntana. Aside from being shipped to the Midwest and East for combustion in
power plants, coal can be co~lverted at the mine to either electricity or
synthetic gaseous or to liquid f:el for subsequent transport to population
centers. The potential exists for large-scale coal conversion in the mountt~:n
west, particularly to serve the population centers of the Southwest a’li
Pacific coast.

There are primarily tnree major new energy sources in the West. Thclsc
are coal-fired power plants, coal syngas or synliquids, and oil-shale reto’-ts
with support facilities including mines, waste piles, and transporta!frvi
n~tworks for each. 41though hiqh concentrations of particulate matter msj hc
found in the neighborhood of a mine, the mines have relaLivcly local effect<.

Coal-fired power p?ants emit primarily the oxides of sulfur and nitro~rn
and fine particulate matter. Control devices exist for both particulat~s and
sulfur oxid~s, but oxides of nitrog~n drc controlled otIly by comhustio~
techniques. In Japan, control devices for the oxides of nitrogen are hrin~
used for oil- and gas-fired installations, but techniques for coal-fircrl
plants are less well developed. [onsequ~ntly, a mu, well-controlled plant
will emit somewhat more oxides of nitrogc”n than sulfur dioxide.
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Coal-fired power plants are relatively flexible In siting because coal
and the needed water may be moved large distances to the plant site. In this
context water is nmre expensive to transport than coal.

Coal synfuel plants also emit particulate matter, NOX, and SOp, but
they tend to have relatively higher emission of hydrocarbons. For this reason
they are likely to have more impact on ozone formation. However, for the same
amount of coal processed, synfuel plants tend to have much lower emissionr
than coal-fired power plants. Emissions of NOX from synfuel plants are much
less likely to produce visible plumes because of the lo~er emission ‘ates.
Synfuel plants are also relatively flexible in their siting.

Oil-shale facilities tend to have emissions comparable to synfuel plants
for the same .mergy input. However, oil-shale facilities have much less
siting flexibility because of the large amounts of material they process.

Regulatory Background

Clean Air Act amendments of 1977 use a two-tiered approach for the
protection of air quality in areas that are currently cleaner than ambient
standards (9). If levels in excess of ambient standards occur in a region,
non-attainment is reached, and Provisions are activated to achieve the
standards.

Of more concern to new sources in the West, are the provisions applying
to areas with better air quality than the standards. In such areas thv

so-called Prevention of Significant Deteri~ration (PSD) provisions ap;’fl.
Under the PSO provisions all new sources within major source categories ray
add specified amounts, PSD increments, to the concentrations of poll~ta~t<
measured or estim?ted to exist in a baseline pe~iod. The increments aI-~.
defined on the some basis as are the ambient standards, and thus for S:’;
there are 3-hour, 24-hour, and annual average increments. There al-i-
ncrements established only for total suspended particulate matter and sulf!l’.
oxides.

Increments are established for three different class~s of a“ea. Cla<s I
refers to national parks, national uiltivrness areas, and other areas for which
the highest possible air quality is desired. Increm~nts are only a“
intermediate step in determining construction of a new source. If the nr’~
source, il~combination with other post-baseline sources, is expected to excrc’
permitted increments in some Clfiss I area, the source may not be built unit’~~
the applicant demonstrates to the Federal land manag~r that there will ho n:
adverse effect on air qudlity “eldted Vallles. If the source is projr:t(’d t

comply with the increments, the source may be constructed unless thr FPdc’.J’
land mannger demonstrates that there will he adverse effects on air qullitt
related v~iues.

class 11 arras apply to most c~f the country whrre moderate indust~i,ll
growth is desired. Currently this represents the entire country except f~”
Class I areas. Cldss i] increments must be nwt if a source is t~’ b~’
construct~d. Class 111 in~rements apply to arcds whrre larg~ amounts of
growth are desired and where air qllality is a secondary consiclrratton.



The PSD provision also requires that best available control technology
(BACT) be used as dcte~ined on a case-by-case basis. However, !n some
jurisdictions BACT is assumed to be New Source Performance Standards plus
whatever is required to meet increments.

The second tier of the approach restricts emissions independent of the
location of the source. BACT is one such provision; New Source Performance
Standards, which define the effectiveness of the control equipment that must
be used, is another.

Iio specific provision sets a limit on S02 emissions although the
increments and the BACT provisions reduce the rates of growth of this
pollutant. The effects of the ambient provisions are further enhanced throug4
requirements limiting the height of the stack used in estimating air quality.

One area of ambiguity in the regulatory process is fugitive dust, In t+(-
past fugitive dust was not considered in increment consumption determination::
however, after the policy changed, all emissions that can be re?ia~’,
estimated are to be considered. This is potentially very important because
the emissions associated with a dirt road are usually enough to exceed t~c
Class 11 increments. Obviously, consideration of low level sources could POSC
a major barrier to development of all kinds.

Another difficulty in the regulation of particulate is non-attainle”t.
Under the fugitive dust policy of the Environmental Protection Agency (EP2’,
occasional high concentrations of particulate matter are ignored unless ther~
are industrial facilities or urban areas nearby. Thus, the construction OF a
new source is, in theory, sufficient to create a non-attainment area frog an
attainment area. In practice these considerations are usually ignored.

The Cost of Pollution Control

In this section we review the costs associate with air pollut+cn
control. We first consider the general options open to industry to reduce a~l-
pollution impacts. Second, we present results of an actual analysis for Pa’-!
of the Uest in which we shok the total costs of reducing sulfur pollutior.

Air Pollution Control Options—— —-- -——

This section illustrates the variet~ of options open to indus?r} tr

reduce pollution impacts. He wish to empnasize that pollution control is a
continuous ?rocess in the sense that emission levels can almost alwa}’s 5C
reduced at some additional cost.

Most cotmnonly, pollution control is thought of in terms of ad!i~!l a
“cleaner,” such as a scrubber for a power plant, to the emission str~al:lof a
factlity. However, other options are open. In fact, there appear t~ bc fou~.
basic option? o~~n ●.o industry to reduce air pollution: add-on polluti(~rl
control, location shift to reduce impacts, process change, or rcdurcfi
operations. If pressures on air resources In one area are particula”l)
strong, thef’ industry can move to another otherwise second-best location that
permits more pollutlon. Industry can choose to change production processes t~
these inherently cleaner. A fourth “contr~l” measure is ~xercisr~i bY
consumers: as products become relatively mor~ expensive, due to pollution
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control, consumers may shift their demand from such products towards less
costly ones (that is, inherently cleaner to produce).

He now concentrate on these points in the context of electricity
production, production of “synthetic” fuel from coal (liquid and gas), and
oil-shale processing.

Add-On Pollution Control. One approach to control the deleterious
effects of pollution is to add equipment for removing pollutants from the
waste streams of a facility. The S02 scrubber, for example, is typically
affixed to coal-fired electricity generation plants. To reduce emissions. a
variety of equipment can be appended to production facilities currently in
coimnon use to reduce emissions. However, this may not be cheap. Figure 1
shows the approximate effects on electricity-generating costs from various
levels of S02 control for coal-fired power plants. Pollution control costs
can be quite moderate if control is relatively loose, or costs can be large if
control is tight. Synthetic fuels facilities face similarly higher costs wit6
more efficfent treatment of waste gases.

Location Shift. Air pollution legislation in the US recognizes
locational differences. In some areas. such as national t)arks. very littl~
incremental pollution is tolerated; -other areas can absorb large increases +q
pollution without violating ambient air quality regulations. When we re~ti
that air quality regulations have prevented construction of a power plant at a
particular location, we often neglect to appreciate that at modest a(iditional
cost, the power plant site can usually be changed (and often is) to avoid
violating air quality regulations (11).

In power production, additional costs from location shifts result fro=
increased transmission distance for power and, when coal is involved, from
increased shipment distance for that coal. Moving synthetic fuels facilities
similarly results in increased costs associated with moving feedstock, whetl~~”-
coal or shale and, to a lesser extent, moving product an additional distanr~.
The actual microscale location choice, of course, involves other factors such
as water availability; nevertheless, tltse costs associated with additjo~~l
transport are the major contributors to cost increases. Figure 2 shows sw--
very approximate costs that might be incurred in moving an energy facili!:.
For instance, a power plant could incur additional costs of as much a~
l/3C/kWh (10%) by being forced to relocate 100 miles from a prime Iocati I.
(12). On the other hand, this move could greatly reduce some of the a-’-
quality problems. Synthetic fuels plants similarly could be expected to inc~l~-
additional costs fran a location change.

Process Chan e.
1+

Production processes naturally evolve lo conserve scaric
resou~s—~ii?l--u 1 lze abundant resources. This ruggests that the most CO<:
effective way to control pollution is probably not just to add cont”ol
equipment to production processes that had their genesis when pollution w.1:
not a regulated problem. Rather, one would expect that, over a period or
time, Inherently clean processes will be developed, to lower the cost cf
emitting pollutants at low levels. The effects of process changes arc s?c~
clearly in the synfuels industry A number of processes produce oil shalr
Because of fundamental differences among the processes, each yields diff~rcn’.
emissions at different costs.
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Unfortunately, data in this area is skimpy; however, one analysis (13)
attempted to quantify the costs of pollution control of four different
oil-shale processes. Data from this source on emissions of particulate and
SO are shown In Figure 3.

?
Dramatic differences in anisslons of these

po lutants result from the four different processes. The TOSCO process
produces less of both pollutants than does the Paraho process and thus might
be preferred. (The Paraho process, however, produces less NO( than dots
TOSCO) . The Modified In Situ with Surface Retort and TOSCO are the prtferrecl
processes. Hhen particulate matter is especially damaging, the former process
~s desired; and when S02 is nmst damaging, TOSCO is preferred. Uhen ai”
pollution policies throw up formidable obstacles to one production process,
the efficient industry response may be to nmve away from that process towards
a less polluting one.

As with the case of synfuels, there are process change options open tz
electric utilities. The simplest of these is switching to higher quality fu:l
(such as low ash/low sulfur coal) to reduce emissions. Because mst coal in
the Hest is already low sulfur, this option may have little use in the Kest.
The potential for fuel switching in the East and Midwest, however, is
significant. Other process changes Include moving to ether generation
processes such as combined cycle/low Btu coal gasification or fluidized be:
generation. These produce very low pollutant emissions at moderate increase~
in costs over current coal-fired steam generation.

Demand Shifts. An actual shift in consumer demand from products of
pollu%ing industries is unlikely to have an appreciable effect on eoerg’v
production in the Uest. The small electric power price increases created h,
environmental control may dampen demand for electricity, but the effect is
likely to be small. For synfuels, product prices currently are set by fore’gn
oil. Unless synfiwls production is only marginally economic and envir~’nme~?al
cortrols tip the balance against synfuels, there will be essentially no p-+cp
effects from additional control.

Regional Costs of Pollution Control

In the previous section we discussed the costs to individual faciliti<r
and the range of action open to indllstry and conswners to reduce pollutant
emissions. In this section we are concerned with a region of tne Uest w:tti
the potential for a variety of energy producers and pollution sources. In d
region such as this, what are the overall costs of air pollution restriction?
that allow industry to choose the best mix of strategies to reduc~ pollution
at least cost?

We examine the Four Corners region of the Southwest. The region cont~+~s
a large number of national parks and wilderness areas. those locales mrs?
highly plotected by the Clean Air Act (Fig. 4a). The region also cont~ils
most of the nation’s high-grade oil shale resourc~s and significant amounts of
coal for energy consumers in the Southwest and California (Fig. dbl. It is
unlikely that there is any place in the US with more of a potential conflict
between the goals of air quallty protection and energy development.

Our approach to analyzing the costs of air pollution control in this
regton has been to develop a model of industrial response to air pollution
regulation (14, 15). This Four Corners Model allows us to determinf the totJl
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costs to industry of meeting ? particular air pollution regulation, given
assumptions about energy demand. For our purposes here, we will postulate
three levels of energy demand for the year 1995--1ow, medium, and high--and
then look at the average cost of supplying that energy. lhe total cost of
meting a particular regulation will be the difference in total cost unkr
regulation vs without air quality regulation. Table 1 illustrates the level
of demand assumed under the three scenarios. We assume that the hypothesized
regulations apply to the 1987 to 199S period.

Table 1. Four Corners region potential energy supply

1987- 1987- lof-.

1995 1995 1995 1995 1995 ?993

Electricity b2 15 140 58 177 62
(10- kWh/yr)

Coal Syfithetics 350 359 1600 13~:1

(1012 Btu/yr)

Oil hale/Tar sands 930 860 2100 180?
(101~ Btu/yr)

i
Tota Valuea 2.5 .44 11 8 25 -1~

($10 /yr)

aBased on 3#/kWh electricity, $5.25/106 Btu synfuels

Now let us consider the extra cost associated with controlling emiss+i’-~
of s02, one of the mcst significant pollutants in the study rcaion. As W’
have seen, aggregate S37 emissions are closely correlated with regjo~~’
visibility impairment. Uithout additional poilution controls (16), an averag-
over the three scenarios of nearly 1.7 million tons of 507 is pro.jectcd t’
be emitted annua”lly in 1995 in the study region. What is the least c~st Wa.U

of reducing overall S02 emissions in the study region? The right-hand axis
in Fig. 5 shows the total additior~l cost associated with reducing nv~~-~11
emissions. Costs presented in the figure represent an avera~e over the tbv?
scenarios. For perspective. n~te that in Table 1 the average value of th(’
energy produced from facilities coming on line in the 1987 to 1!vJ5periarl i<
about $13 billion (17). A very significant reduction in S02 emissions COUII
be achieved before control costs amount to even a few percent of the total
value af the energy produced. A caveat must be made that Fig. S presents tfic
least-cost way of achieving the given aggregate emission levels. Improperly
designed regulations may not result in the moderate costs presented in the
figure.



A discussion of the costs of pollution control would not be complete
without a discussion of the costs of current Clean Air Act regulations. In
our discussion above, we were concerned with the cost of reducing the overa!l
level of S02 emissions. Current regulations are concerned with a much more
ccnnplex set of air quality goals. Nevertheless, we can use the Four Corners
Model to simulate the costs of current PSD regulations. 0’- analyses show
that, averaged over the three scenarios, the extra cost of curr?nt regulations
is about $410 million annually. This translates to a cost of just under 4% of
the value of the energy produced from the facilities coming on line from 1!387
to 1995. Certainly the cost is significant (nearly half a billion dollars a
year). How acceptable the cost is to society must be answered by society as a
whole.

The S02 emissions from current regulations should be about 270 kilotons
of S02 pw year in 1995. As can be seen from Fig. 5, such an aggregste
level of emission could be achieved at about half the cost. This however, is
an unfair comparison. Current regulations protect local as well as regional
air quality. A cap on regional emissions of approximately 120 kilotons of
SO? in 1995 would provide the same level of local air quality (an?
significantly better regional air quality) as current regulations at slightly
higher cost. Whereas it is probably possible to change current regulations t?
provide the same level of air quality protection at lower cost, curr?nt
regulations do not appear to be dramatically inefficient, given the act’s
definition of air quality.

Does the act actuaily prevent any sources from locating in the study
region? Our analysis, including considerations of visibility effects,
suggests that this does not occur although siting is prevented in the virlnity
of national parks and wilderness areas.

Are there other, non-energy, pollution sources, which may be chea~]e- to
control than energy sources? Copper smelters contribute significantly to
overall S02 loadings on the region and thus are major cent:-ibutors to
regional, as opposed t( local, pollution. Smelters have relatively large
S02 emissions that could be abated at costs somewhat lower than those of
power plants. Existing smelters have SOP control efficiencies ranging fror
near zero to 90? or more. Some of the facilities with less effective controls
could be modified at relatively low cost per pound of sulfur emitted. For
example, one smelter has virtually no control m it at pre,ent, and 70”
cmtrol would eliminate about 280 OCO tons/yr of S02 emissions at an average
cost of $11.6/ton. At 97% control, an additional 130 000 tons~yr of SOP
emissions would be eliminated at ari increment of S84/ton. Smelters with some
control could be upgraded at a Somewhdt higher cost. One facility, for
example, could upgrade controls from 652. to 92T anti eliminate 130 009 tons ‘)r
of emissions at a cost of $132 per ton of SO?. Compare these costs to th:
marginal cost of SOP control from Fig. 5. The figure indicates th~t
projected 1985 emissions under current regulations (77o kilotons per ycal-~
imply a marginal S02 control cost of approximately $800/ton. Thus , sm~l~~r
control is a more cost effective way of reducing S0? loadings than strict
control of energy facilities.
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The Benefits of
Air Pollution Control

The benefits of air pollution control for energy related industrial
facilities in the Four Corners states and the Rocky Mountains are very
different from those in the eastern US. The principal economic justification
for air pollution control efforts to date has been health effects. For
example, Lave and Seskin (18) have calculated that the urban health benefits
of SOZ control exceed the costs of control. However, in the Mest, energy
related industrial facilities are typically located in sparsely populated
rural areas where pollutant emissions into the air are unlikely to affect
significant populations.

Health benefits are typically calculated using the following formula:
(Value of Safety in Dollars) x (Reduced Risk from Pollution Control) x (Popu-
lation at Risk).

Obviously, if the dollar value of safety and tht magnitude of reduc~<
health risks are controversial or questioned, if the population at risk is
negligible, health benefits of air pollution control will be negligible.
Thus, for rural industrial facilities in the West, we are forced to dismiss
%alth benefits of air pollution control as insignificant.

This, howeve~, is not to say that other sources of ?rrefitsmay not ho
extremely large. In fact. evidence is accumulating that the aesthetic effects
of air pollution, in particular visibility, may be equally as imp~rtant 3$
health effects on a national scale. We briefly summarize four availahll~
studies of the benefits of preventing visibility degradation. Note that, in
sum, the studies suggest that pristine visibility in the national parklanr!s nf
the West may he worth more to the natiol] as a whole than any other sin?l’~
source of air pol~ution control benefits yet identified.

Study 1: Visibility in the Four Corners Region.— .-—

The Four Corners study (19, 20) represented the first empiril.al attw;’
to value envirome~tal effects on energy development in the West. Tnc roots of
the effort are in Davis (21) and Ilohm (22). The study invcstlgat~od t“~
impacts of Navajo coal strip mine and the Four Corners electric g~n~lrat.inl
plants in the southk~~t. region. Aesthetic benefits of ahatmwnt ~~f
environmental damage re~uiting from air pollution (visibilit.yl, pwer lin~i~,
and land disturbance from mining activities were estimated, To prcv~nt tll{’,
effects individuals wre willing to pay more than $80 per y~ar (s~’f’Tdhlv 7’,
No bias tests (that is, hypothetical, information, instrulw’nt.,inl.rrvirw~)r.~’t.
non-respondent samplirg) were form.1’y reported.

Study 2: Visihil~ and Aesthetics at Lak~ POWCI1l——-——. -—. — —..-..--..—-..—----.— _,...-..-—

Lak@ Powell, with annual visitation now approaching two million visit,’~
days, is an cxc~llcnt example of tho tr,ldcoff b(’t.w(’rnprcscrvotion illli’

development. The lahr, formed by the filling of th~ Gl~n Canyon. rc’tnin< thl’
Steep cliffs, rugg~d tvrrain fea?urcs, and sc~nic vistas one assuc{atrs with
the Grand Canyon. Lake Powell is now accessible to plcasur(~ h(~nt[’rsCI1llI
others. Construction of the Navajo coal-fired grnrratinq station lor,lr(’da!
the southern rn(i of Iakc Powoll was coml~lrtrclin l!176. Anotllor Imwor lll,~rlt,
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the Kaiparowitz Project, was also proposed for construction near Lake Powell
and became an Issue of substantial public concern.

As part of the Lake Powell experiment, during the sunnner of 1974,
interviewers attempted to determine the aggregate willingness of Lake Powell
users to pay to prevent construction of the proposed Kaiparowitz plant (5).
Interviewers showed photographs of the existing Navajo power plant wit’
visible pollution emanating from the rtacks and with the stacks alone. All of
the interviewees had seen the actual stacks, which remain visible more than 20
miles up the lak-.:. Interviewers then asked what entrance fee persons would
willingly pay to prevent construction of another similar plant, first, where
only pollution would be visible from the loke itself, and second, where both
stacks and pollution would be visible.

The analysis of the data focused on strategic bias. If users believ~d a
uniform entrance fee might be based on the average bid of the sample to
prevent construction or if users believed construction plans might he affect~d
by the research results, then “environritentalists” might well bid very hig’1,
and “developers” might well bid zero dollars in an attempt to bias tbc
results. A theoretical model of strategic bias was constructed to explain the
distribution of observed bids likely to he bimodal rather than rrorma’lj
distributed if strategic bias were present. Th~ fact that the actllal
distribution of bids was normally distributed was taken as evidence thp!
strategic bias was not present, It was suggested hy Brookshire et al, 15)
that the absence of strategic bias might be due to the hypothetical natllre cf
the experiment-- few respondents felt that their answers would affect real
wrld outcomes. In sampling that was randomly conducted for the f~u’
principal users of Lake Powell, on the labe, in campgrounds, at mot~ls, an< i~l
the town of Page, the highest refusal rate was less than 1 p~r cent.

‘(heaverage hid per family o? group was $2.77 in additional entrance f~c:.
in 1974 dollars. and the total annual bid--which can be interpreted as a?
aggregate marginal willingness to p~y to prevent one additional power plarl’
near Lake Powell--was over $700000. The results show impressiv(
consistencies with the one previous study (20) in the region as well as w:?”
the succeeding Farmington experiment.

study 3: Yisibil~ and Aesthetics at Farmin@.-..—— ..-— . ..4—-—___ ..-—— _

This study repolsted in Blank et al. (73) and Rowe ct al. (74) atttlm;}t,’,!
to establish the economic value of visibility over long distancrs f,!’
Farmington residents and users nf Navajo Reservoir. Clearly, thr ahilit~’ to
observe long distances is almost a pure public good. Examinrd in this stu’~
was th~ extent of certain biases that tho Rrookshirc pt al. 1~~ st,l,l)
idcntifi~d. Th@sr wrrc information, strat~gic, starting point, nnd instrumcn!
biases on compensating and rquivalcnt surplus m{~asures of corrsumcr surplu~,,

Visitors and resid~nts in the Four Corners region of Ncw Mrxico an:
Arizona wrrc intcrview~d. The intcrvi~wo~ was shown ,1 set of picturi’<
(icpictlng visible ran!]t’s. Picture srt C had a visible rartgcof 75 mil[”,, ,11
plcturc s(Its fl and A were 50 arid 75 mil~s, resprctivel.ym The p{ct[ll~’:.
rcprcs~ntod VICWS in diff~rrnt direct.ions from tho samo location--thr San ,Iu,lH
Mountains nnd Shlprock,
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“ihe first part of the experiment was a biddfng game, structurally similar
to thdt of Randall et al. (19, 20) and Brookshire et al. (5). A sequence of
questions on maximum willingness to pay and minimum compensation was asked
through a survey instrunmt. The se~ond method followed that of Rosen (251,
Muellbauer (26), and Hori (27) in attempting to use the household production
function, in a methodological cross check by collecting market type
Information through a survey instrument. The contingent behavior component of
the questionnaire attempted, through contingent changes in time allocation, t?
infer an expenditure function and compensated demand curve, primarily by
postulating ‘q exact form of a utility function and estimating a time-related
household te~tmology (2S:.

It is interesting to compare results of the Farmington study with
previous studies. Randall et al. (19) only reported, and Brooksnire et al.
(5) only obtained equivalent surplus bids. The following comparisons
presented in Table 2 are, therefcre, limited to the equivalent surp!’Js bids.
Using the sales tax as the instrument, Randall et al. (191 reported yea-l~
mean bids of $85.00 ($4.31 ) for moves from the highest level of envirow:len:?l
damage, situation (A), t-o situation (C) representing lowest levels of
environments? damage; situation (B) represented an intermediate level of
damage (28). A yearly mean bid of $50.00 ($3.02) per household was reported
for moves from situation (B) to situation (C). The Farmington experimc~t
yearly mean bids fo~ the comparable situations were $R2.Xl ($9.10) and $57.00
($4.63). lf one considers that the Randall et al. (20) figures should !W
higher as respondents sre also bidding on soil banks and ‘transmission lines.
these figures are comparable.

The overall mean for situation (A), good visibility, to fC~, pO:lI-
visibility, in the Lake Powell experiment (5), was $2.77 (S.lq) pl?~ da.v.
Adjusted for tht 6.6 per cent inflation between the time pericds of th~-
studies, these values become $2.95 ($.20). The overall mean for users ?’
recreational sites for the comparable situation in the Farmington experiment’:
was $4.06 ($1.11), which is considerably different. However, the man billWA;
$2.44 ($1.23) when $1.00 starting bids were used in the Farmington experiment,
which corresponds to the Lake Powell starting bid, Thus , while still
statistically different for the same starting bids, the results arr nuil’1’
closer. The Farmington experiment, while not designed as a replication,
demonstrated reasonable consistency with other studies. Finally. a comparis(’”
of values for similar sub-samples bctwccn the Four Corners and tho LaLc Pot\‘1
e~periments--respectively, of $1.79 ($.19) and $1.57 (S,?ql--also ,.sun”].’”.!
consistency.

stud# 4: Vislhillt~’ In tho National P~rklfinds—. .—-— -— --------—-----— -----,----—------—

This stu(ty was d~signcd to moasu:c the economic valur of prcs~~rvini:
vlslbillty in tho national parklands of tl,r Southw(’st. During thr SUIIIIINII. of
1980, over 600 people in [)cnvcr, 10S Angolcs, Alhuqurrqur. and Chicaq~l w~I’I.I
shown sets of photographs depicting five levels of rcqional visibility (ha:r~t~
In Mesa Verde, Zion, and Grand Canyon National Parks: Although calculntioll’;
in the study sl~qgcst that project~d emissions with cxisttng and currrntlv
planned SO? controls would not prnducc a prrrriv[’fifircllnr in visibility.
complete decontrol of S07 emlsslons hy projcctod powrr plants in thr r(’[liorl
in 1990 WOUld rrsult in n docrrasc In typical sunnnf’rvislhility ff.omWt)(ltw,lI.



represented in the photographs as “average” visibility to what was represented
as “below average” visiblity.

On the basis of this, the survey participants were asked how much they
would he willing to pay in higher electric utility bills to preserve the
current ~verage condition--middle picture-- rather than allow visibility tG
deteriorate, on the average, to the next worse condition as represented in the
photographs (an estimate of total preservation value). They were also asked
about their willingness to pay in the form of higher monthly electric pow~r
bills to prevent visual plume in a pristine area. To represent plume blight,
two photographs were taken from Grand Canyon National Park, onc with a visiblv
plume. The surveying has a very high response rate (few refusalsl.

Individual household bids ranged from an average of $3.72 per mont4 in
Denver to $9.00 per month in Chicago for preserving visibility at the Grand
Canyon. This visibility degradation corresp nds to an increase in fine

Yparticulate matter concentrations of .4 ug/m---a decrease in visual ran?’
from 240 km to 210 km, These average bids were increased by $2.89 to $7.12
per month per household in the four cities if visibility preservation were to
be extended to the Grand Canyon region as a whole as represented by the
photographs taken from Mesa Verde and Zion. Prevention of a visible plume a?
the Grand Canyon was worth on the average between $2.84 and $4.32 per tnont’)
for interviewees In the four cities surveyed.

Extrapolating these bids to the nation implfes that preserving visibility
in the Grand Canyon region is worth almost 6 billion dollars per year’. This
is the base figure from which the benefits of power plant S+ controls,
projected to be in place fr, the region in 1990, are determined, ” AdjustinT
this number for 19q0 population lwels and using a 10 per cent discount r~to
over a thirty-yea’- power plant life gives an annu~lized value of 7.6 bil’;:~fi
dollars as the hwefit of pow w plant SO? control +n 1990. Thes~ fig!lh.~’s
imply a marginal valuation on St’)?of nearly $13 per pound of SO?.

Reconciling the Costs and
Rencfits of Air Pollution Control

The costs of air pollution control and (tamagc from a~r pollution WI!-ll
treated separately in tho last two sections. Tho pllrposr of thfs section i-,
to reconcile costs of control with damage to answur sprcifir qurstions. h’~l(lt
level of pollution control roprcsrnts an appropriate hnlanrinq of cost’l anlt
damfigcs? Arc current rcqul~tions consistent with such a Icvcl. or do CIIr~S(JPIl
rcquldtions over- or unrlcr-rnntrol pollutlon?

14



To control regional haze, suppose we
the Four Corners study region. He allow
trade rights among themselves so that the
least cost manner. The economic model of

place a cap on emissions of S09 in
different “sources to negotiat; or
cap on emissions Is achieved in iI
air pollution regulation mentioned

above can then be used to simulate industrial response and costs of such a lid
on S02 emissions. In fact, the results of utilizing such a cap were
presented ‘In Fig. 5. There we showed the average (over the three demand
scenarios) additional and marginal cost of S02 control as the lid on s02
emissions becomes tighter.

The optimal level of S02 emissions is that level where the marginal
cost of emission control equals the marginal damage from a unit of emission.
In the last section we saw that marginal visibility damage in the Grand Canyon
region fs approximately $13 per pound of S02. As can be inferred from
Fig. 5, at an optimum this represents a very low level of S02 emissions, far
lower than that implied by current regulations. Unquestionably there i’, a
great deal of uncertainty in these damage estimates. However, ~ven if thly

are an order of magnitude too high, they suggest that current regulations arc’
not nearly strict enough to control reg!onal haze in the study region.

Conclusions

The current syste!tifor regulating air pollution has a number of important
features that relate to its efficiency in developing energy while preservin:l
air quality. First, the Clean Air Act permits large development in thf>
mountain West. Second, by requiring best available control t~chnoloqy, thr
act appears to be relatively effective at containing growth of S02,
currently the pollutant with emissions most responsible for the visihil it}’
impacts in the region. Third, the act encourages siting away from Class I
areas and thus di~inishes the likelihood of visible plume imp~ct,s i~ nat.inll~l
parks. Finally, the act appears t~ achieve those goals at costs commonsur,l’(
with other regulatory alternatives as long as only ~ncrgy sourc(’~,(l,,,,,

cons~dered.

Our review of the willingness to pay to avoid visibility d,’grad,ltioniv
the Grand Canyon suggests that visibility is a highly valu(’d rrsculr~i~ill thl
West. Further, given the visibility prot,’ctinn providud I)*Y Cut’rf’11!
rcqulations, so? regulation is not overly strict, In fart, cul”r(’nt.
regulations may undercnntrol SO? in relation ts visibility d(’gradat.infi,

Howrvcr, the act dots have sorer shortcomin!~r thdt may provv in(-rr,~~,i~ljl}
importont in the future. First, control of oxldvs of nitro~lon is rrl,]tiv[~l,
intiircct. Nitrates formlo(tfrom oxidr% of nitrogrn arr al)t to pall!hit d
threshold phvnomonnn with rcsp(~ct to visihiltty. At low ~ontit’r~tr,lti[~r]z,lv~!
high tt’mpcraturc, nltratf’s arc gasps and cons[v~ucntly h,lvv nttqligil~lrPfi~IttI.
on vfsihility. At hiqhor cnncontration with lowr t.olll~~(’t’ntllt.(’s,smflll nitr,lt,’

aerosols wI1l form and lnfluvncr visibility.
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While the act seems to be reasonably efficient at achieving air quality
goals if sources with similar costs are considered, it may be less so if othel-
sources are considered. Retrofit of S02 controls for smelters offers two
options. First, it would be possible to achieve the same overall air qualit.)’
at lower cost if smelters were controlled and lower controls were required of
power plants. Second, significantly Improved air quality In the parks cn~ld
be achfeved if smelters were controlled in addition to effective controls on
power plants. The very large damage estimates associated with visibilit.j’
impairment appear to imply that further control of S02 is warranted.

The act also has a major shortcoming in the regulation of fugitive dust.
The construction of a new plant presently may result in non-attainment of
ambient standards with negligible emisstons. To date, fugitive dust has nnt
played a major role in plant siting or control, but in the future s~-ii
regulation could be a significant factor in plant siting decisions.
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“< Table 2.s Comparison of results for southwest visibility stucliesa

Comparisons
Non-Market

‘faluation Studies Publ!c Good Instrument lb pb 3C 4C

Four

Lake

Farm

Corners experir:.nt Visibility, soil Sales tax $~s~ $50 NAP $1.79f
banks, transmission (4.31)9 (3.02)
lines (aesthetic

(0.19)

of the above)

Powell experiment Visibility Access f~e NA
(aesthetics only)

NA $2.95h $1.52
(2.0) (0.29)

ngtor experiment Visibility Utility bills $82 $57 $2.44i NA
(aesthetics only) or wage tax (9.10) (4.63) (0.23)

a~he Four Corners experiment !“19, 20] and the Lake Powell experiment {5) only obtained equivalent
surplus bids, thus comparisons between studies are limited to subsamples of the data s~ts from each
study.
bYearly mea~ bids.

c!3id per day.

~?he cmmrison hetwmn the Four corners experiment and the Farmington experiment (23, 24) is for twO
alternative level; of environmental quality changes.

ePIA--No ccmrarison can be constructed.

‘7he compari~cn between the Four Corners experiment and the Lake POWQ1l experiment required different
~omp?~isons than did the Four Corners experiment with the Farmington experiment.

‘Standartj errors in ( ).
h
Adjusted for 6.6% inflati~n.

‘Ue~n bid f~r $1.gO starting pint; in the Farminqton experiment, which is the starting point used in
~b~ ~-~~~p~wel~ f3y~orjm~n~.


